Introduction {#s1}
============

Is there a pathway that will lead to the return of cannabis to mainstream medicine? The answer is clear, inasmuch as it has already commenced. It follows the same time-honored process that any pharmaceutical must attain to receive regulatory approval: proof of biochemical uniformity and stability along with safety and efficacy as proven by randomized clinical trials (RCT).

A prescription cannabis product must be standardized, consistent and display a quality equal to any New Chemical Entity that has passed muster as a pharmaceutical (Russo, [@B110]; Russo et al., [@B120]). It must also possess a practical and suitable delivery system that minimizes patient risk, including intoxication, other aspects of drug abuse liability (DAL) or serious adverse events, such as pulmonary sequelae. An additional requirement is a supply chain that ensures security that it is being distributed to its intended target patients.

The status quo of cannabis medicine for most patients still involves the black market with its myriad risks and inherent lack of quality control. In the future, the desirable alternative would be a safe and effective evidence-based pharmaceutical solution that physicians prescribe with confidence, that pharmacists endorse and supply, and that government health services and third party payers will cover.

Garden variety cannabis as bought on the street cannot meet these criteria nor gain regulatory approval in most nations of the world. The biochemical variability of one chemovar to another is a primary challenge, while unregulated material may harbor pesticide residues, molds, bacteria, or heavy metals that endanger public health. The most common delivery system, smoking, imposes similar risks: chronic cough, phlegm production, bronchitis, and inhalation of pyrolytic by-products (Tashkin, [@B135]). Cannabis inhalation, whether by smoking or vaporizer produces a rapid peak in serum and brain concentrations that maximizes intoxication and possible reinforcement that are risk factors for DAL (Schoedel et al., [@B122]). Other routes of administration, e.g., transdermal patches and rectal suppositories have not yet demonstrated practicality in later stage clinical trials (Huestis, [@B58]).

A cannabis delivery system with reliable intermediate onset, allows dose titration without pulmonary dangers, relieves symptoms, and is biochemically uniform and defined would engender confidence of all parties. The first preparation to fulfill these criteria, currently in 27 nations around the globe, is nabiximols (US Adopted name, also known as Sativex®), an oromucosal spray produced from whole cannabis extracts whose effects begin in 15--40 min, allowing a therapeutic window for control of symptoms without intoxication. In reality, patients are not seeking altered states from their medicine, but rather relief of pain or other complaints. Other cannabis-based medicines that follow will necessarily be required to meet similar benchmarks.

It is the widespread belief of most scientists and many legal scholars that the only viable solution to the issues of medicinal cannabis is a pharmaceutical approach. Only in this way are regulatory standards fulfilled, and patient desires satisfied in safety. Such an approach can remove the current clandestine atmosphere surrounding cannabis and promote the kind of open and mutual therapeutic doctor-patient relationship, while maintaining legal status. Political efforts at legalization in certain American states and various countries will necessitate wrestling with issues of pharmaceutical cannabis preparations as compared to allowable claims in a less regulated market for herbal preparations.

While cannabis is usually thought of in relation to THC content, and its agonistic effects at the CB~1~ receptor, it requires emphasis that humans express individual endocannabinoid tone, that may be deficient under certain conditions, as has been suggested in migraine, fibromyalgia, and irritable bowel syndrome (Russo, [@B108], [@B114]), or alternatively may be excessive in obesity and metabolic syndrome (Kunos, [@B66]). Beyond THC, other cannabis components such as cannabidiol and tetrahydrocannabivarin act as neutral antagonists at CB~1~ (McPartland et al., [@B78]) that along with dietary manipulations with prebiotics and probiotics portend to provide potential treatment interventions for the latter (Russo, [@B115]).

Controversies in cannabis dispensaries, coffee shops, and self-administration {#s2}
=============================================================================

The singular controversy in this category is quality control. Short of a biochemical analysis by a certified laboratory employing verified phytocannabinoids standards, the cannabis consumer can have no real idea of the composition or consistency of the product that they purchase. "Strain names" are eminently malleable, and are as simple to alter as writing a new label to change one to match the most desirable chemovar *du jour.* The wary consumer should also be alert to the possibility of coliform and heavy metal contamination, areas that are infrequently tested on the black market, and are unlikely to have been completed on every batch (*vide infra).* This type of laboratory analysis is not simple; one should keep in mind that the lipophilic nature of cannabinoids was responsible for a 150-year gap between the identification of morphine in opium to that of tetrahydrocannabinol in cannabis (Gaoni and Mechoulam, [@B36]). The problem is compounded by the facts that technically almost all laboratories pursuing phytocannabinoid analyses in the USA are doing so illegally, most without benefit of a Schedule I license from the Drug Enforcement Administration (DEA). Additionally, many phytocannabinoid standards available commercially are reportedly suspect. There is additional difficulty in attempting to analyze cannabis confections, as the assays require ascertainment of cannabinoid content from a complex food matrix (Vandrey et al., [@B146]).

Legal state requirements on cannabis analysis, and packaging vary wildly from one jurisdiction to another, and are often rudimentary. The author believes that full cannabinoid and terpenoid profiles are necessary for proper decisions by consumers in both the medical and markets (Russo, [@B113]). The current vernacular nomenclature classifying cannabis chemovars as "sativa" or "indica" is scientifically indefensible (see Piomelli and Russo, [@B95] for more detailed opinion). Rather, what is necessary is more complete data on a given chemovar\'s biochemistry and attributable pharmacology. One sophisticated approach to the issue combining those quantitative assays with additional subjective data on scent, taste and effects, dubbed PhytoFacts®, has recently been described (Giese et al., [@B41]).

Can a botanical agent become a prescription medicine? {#s3}
=====================================================

Plants have been the historical source of medicine for most of human history, and continue to account for the base material of an estimated 25% of modern pharmaceuticals (Tyler, [@B141]). While the herbal market is unfathomable to many consumers and their doctors in countries lacking suitable regulation of the practice, it is now a proven fact that prescription drugs of botanical origin can be approved as medicines in most nations. This requires standardization based on sound science (Russo, [@B107]). Botanical medicines can even meet rigorous requirement of the American FDA as has already occurred for one topical agent (Veregen®, an extract of green tea, *Camellia sinensis*), and one single component botanical isolate taken internally, Fulyzaq® (crofelemer, from *Croton lechleri*). These approvals were achieved by following a blueprint that was updated in August 2015 (Food and Drug Administration, [@B31]; accessed May 2016) *Guidance for Industry*: *Botanical Drug Products*: [http://www.fda.gov/downloads/drugs/guidancecompliance](http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm458484.pdf) [regulatoryinformation/guidances/ucm458484.pdf](http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm458484.pdf).

Regulatory hurdles {#s4}
==================

Since botanical medicines represent combinations of components, particular attention is necessary to product composition, which may be defined through quality control methods including spectroscopic and chromatographic techniques, "chemical fingerprinting," assays for certain markers such as specific phytocannabinoids or terpenoids, assays of bioactivity, controls on raw material and processes in manufacture, and process validation with batch analysis (Fan et al., [@B27]; Fischedick et al., [@B28]; Giri et al., [@B42]). If components of an extract are not already "Generally Recognized As Safe" (GRAS), clinical trials, safety-extension studies and rigorous quality control requirements all must be met. A botanical agent administered by a non-oral route, such as inhalation, requires additional pharmacology and toxicology documentation before initiation of RCTs.

The *Botanical Guidance* (Food and Drug Administration, [@B31]) defines that that a botanical raw material (BRM; i.e., crude herb) becomes a botanical drug substance (BDS) after it is processed through extraction, mixing, excipient addition, formulation and packaging in a manner that is defined, exacting and precise. The BDS must be examined for its pharmacokinetic (PK) and pharmacodynamic (PD) properties. Additional regulatory requirements in a given country may also include monitoring for contaminants due to heavy metals, pesticides, bacteria and fungi. The FDA dictates long-term animal toxicity studies in two species, and reproductive toxicity, genotoxicity, and carcinogenicity investigations. Subsequent human studies of effects on cardiac QTc, DAL, and trials in human subjects with renal or hepatic insufficiency are mandatory.

The issue of herbal synergy {#s5}
===========================

Whether cannabis components beyond THC contribute to its medicinal effects has been an issue of contention (Wachtel et al., [@B148]; Ilan et al., [@B59]). Certainly, some have advocated this concept of herbal synergy (McPartland and Russo, [@B75]; Williamson, [@B157]; Wilkinson et al., [@B156]; Russo, [@B113]), which is quite akin to combinatorial activity of endocannabinoids via "the entourage effect" of active and inactive metabolites (Ben-Shabat et al., [@B7]; Mechoulam and Ben-Shabat, [@B79]). Such synergy would be apparent under conditions in which the activity of a minor component complemented the major, diminished the adverse event profile, or otherwise contributed to a preparation\'s stability or efficacy. The data supporting CBD as a synergist to THC has been summarized in the past (Russo, [@B109]), including its anti-anxiety benefits (Zuardi et al., [@B163]), it anti-psychotic effects (Zuardi et al., [@B162]; Leweke et al., [@B68], [@B69]; Morgan and Curran, [@B83]), its inhibition of THC metabolism to the possibly more psychoactive 11-hydroxy-THC (Bornheim and Grillo, [@B9]), inhibition of glutamate excitotoxicity and ability to serve as an anti-oxidant (Hampson et al., [@B51]), its anti-inflammatory and immunomodulatory activity in its own right (Malfait et al., [@B74]; Costa et al., [@B16]). CBD and other phytocannabinoids and terpenoids (McPartland and Russo, [@B75]) act in synergy with THC (Whittle et al., [@B155]) through pharmacological potentiation, amelioration of adverse events, summation, pharmacokinetic, and metabolic modulation (Russo, [@B113]). More recent investigations have added to this foundation, demonstrating the ability of CBD to eliminate dose-response ceiling to pain in an animal model (Gallily et al., [@B35]), how the presence of cannabidiol allowed a statistically significant difference in 30% pain improvement in opioid-resistant cancer pain in humans as compared to placebo and a THC-rich cannabis extract (Johnson et al., [@B61]), and the contributions of cannabis terpenoids to herbal synergy in whole cannabis preparations (Russo, [@B113]; McPartland and Russo, [@B76]).

Pharmacokinetics and cannabinoid dose titration {#s6}
===============================================

Among the challenges of formulating phytocannabinoids as medicines are their lipid solubility and slow, often erratic oral absorption. While it is sometimes suggested that cannabis smoking permits accurate dose titration due to its rapid onset, this approach likewise delivers high concentrations in a rapid manner (Huestis, [@B58]). While this is the *raison d\'être* of recreational cannabis smoking, it is wholly unnecessary and, quite arguably, undesirable to therapeutic applications, especially treatment of chronic conditions. The risk of rapid intoxication could be a likely factor in a putative cannabis-based medicine being rejected for regulatory approval, as seems to have been the case for inhaled THC products in the USA (Hart et al., [@B52]). In contrast, outside of early dosage titration, most Sativex patients experience no psychoactive effect, and report subjective intoxication visual analog scales (VAS) of less than 10 out of 100, not statistically different to placebo. Such results refute contentions that euphoria or other psychoactive accompaniments are necessary for attainment of symptomatic relief (Robson, [@B103]; Wade, [@B149]). Only one study of herbal cannabis, employing 25 mg of material of 9.4% composition, taken in a single inhalation was able to demonstrate a "sweet spot" in which pain relief was attained without significant accompanying intoxication (Ware et al., [@B154]).

A marked reduction in cannabis-associated adverse events was observed in the Sativex development program when initial high doses (up to 128 sprays/day) and rapid titration in early studies were eschewed in favor of slower titration with lower allowances (up to 12 sprays/day; Novotna et al., [@B91]). Interestingly, these lower doses with fewer side effects have also been observed to correlate to higher efficacy of therapeutic benefit in cancer pain control (Portenoy et al., [@B98]). Similar endorsements of the efficacy of "low-dose" cannabis therapy, and the "Start low, and go slow" philosophy have been forthcoming from herbal cannabis usage (by Dustin Sulak, D.O. and other clinicians) in the community (Russo et al., [@B120]).

In general, 2.5 mg of THC is a threshold dose for patients without previous tolerance to cannabis, 5 mg is a moderate dose, 10 mg a large dose that may be problematic for naïve patients, while 15 mg or more at a time risks psychiatric adverse events (Grotenhermen, [@B45]; Sellers et al., [@B123]).

Anti-inflammatory drugs and cyclo-oxygenase (COX) inhibition {#s7}
============================================================

The adverse event profile with attendant morbidity and mortality of non-steroidal anti-inflammatory drugs (NSAID) has been of great public health concern. In essence, COX-1 agents may precipitate gastric ulceration and hemorrhage, while COX-2 agents may increase myocardial infarction and cerebrovascular accident risks (Fitzgerald, [@B29]; Topol, [@B137]). Apparently the anti-inflammatory and analgesic effects of THC and CBD are achieved independently of this mechanism, as they produce no COX inhibition of either isozyme at physiologic doses (Stott et al., [@B130]). In fact, cannabinoids have demonstrated inhibitory effects on duodenal ulcer formation (Douthwaite, [@B20]), as has the cannabis sesquiterpenoid/CB~2~ agonist, beta-caryophyllene (Tambe et al., [@B133]).

Cannabis and drug-drug interactions {#s8}
===================================

Both THC and CBD are metabolized via the cytochrome P450 system. In *in vitro* and *in vivo* animal models undertaken by GW Pharmaceuticals (data on file), inhibitory effects were only seen at exposures significantly higher than the maximum dose-equivalents utilized in human clinical trials and no relevant induction of cytochrome P450 enzymes seen *in vitro* for human CYP1A2, CYP2C9, CYP2C19, and CYP3A4. Specific testing of drug-drug interaction in human subjects was undertaken with nabiximols (Stott et al., [@B131]), and no clinically relevant changes in levels of CBD and THC with concomitant administration of ketoconazole, rifampicin, or omeprazole. In extensive clinical application including complex drug regimens with opioids, tricyclic antidepressants, anticonvulsants, etc., no drug-drug interactions have been observed that would contraindicate or preclude use of nabiximols with any specific pharmaceutical, although additive sedative effects are always possible (reviewed in more detail Russo, [@B111]). In nabiximols, these sedative influences are seemingly counteracted by CBD (Nicholson et al., [@B88]).

CBD can induce CYP2B isozymes, and in current observational and clinical trial usage of CBD (Epidiolex®) in intractable epilepsy in children at very high doses up to 25 mg/kg/d, some elevation of the N-desmethyl clobazam metabolite of the anticonvulsant clobazam have been observed, producing sedation that has responded to dose reduction of the latter drug without corresponding loss of anticonvulsant efficacy (Devinsky et al., [@B19]). Caution is also advisable with utilization of other benzodiazepines, and valproic acid.

Blinding, placebo, and design issues in cannabis randomized clinical trials {#s9}
===========================================================================

The ability to produce adequate blinding in clinical trials of psychoactive drugs has been a difficult challenge in pharmaceutical development. It has long been known that the mere act of being in a clinical trial generates a certain degree of subjective improvement, probably as a result of the extra attention that the patient receives, and her/his desire to please the clinical staff and contribute to the welfare of similarly affected individuals. These placebo effects are aggravated when the RCT lacks objective measures (as in many pain and mood trials), when the drug in question is psychoactive (antidepressants et al.), or when the agent in question has a reputation as "miraculous" (as is certainly the case in public perception of cannabis). The latter problem certainly applies to the current excitement regarding cannabis treatment of epilepsy. In a recent observational study of cannabidiol-rich cannabis chemovar use (Press et al., [@B100]), the response rate for families moving to Colorado for treatment of their children was 47% vs. only 22% for those already state residents, and three times as great for those reporting \>50% response!

The placebo effect has become increasingly problematic over time. In a landmark study with chilling implications (Tuttle et al., [@B140]), it was documented that in the interval 1990--2013, placebo responses in neuropathic pain studies increased significantly (*p* = 0.002), that while drug responses in pain in early studies decreased an average of 34.7% from baseline and were stable over time, producing 16.5% greater analgesia than placebo, or 1 point decrease in NRS. By 2013, treatment advantage over placebo decreased (*p* = 0.0003) with only an 8.9% decrease in pain over baseline. Additionally, placebo responses increased with sample size (*p* = 0.001), and study length (*p* = 0.05), with the worst differences by far in USA-based studies. The US FDA generally requires 12-week duration RCTs in Phases II-III in accordance with IMMPACT (Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials) Guidelines (Dworkin et al., [@B21]), but this may be counterproductive to the success of the clinical trial!

This hurdle of demonstrating salient differences of cannabis-based medicines over placebo may have been adequately surpassed by nabiximols (Wright et al., [@B158]) in some instances. Nabiximols and its corresponding placebo are seemingly indistinguishable in appearance, color and taste due to the peppermint masking excipient. Approximately 50% of nabiximols trial participants in earlier studies had prior exposure to cannabis, but *post-hoc* analysis indicates no differences in efficacy or side effect profile in cannabis-experienced vs. -naïve subjects, and differential efficacy of Sativex to various MS symptoms. Specifically, no statistical differences were observed in the incidence of Euphoric Mood among patients with prior experience of cannabis vs. those who were cannabis-naïve (3% in each instance). No significant differences were noted for any other psychiatric adverse events. No differences were noted in the two groups with respect to efficacy of symptom control with Sativex (supporting the efficacy of blinding), in contrast to the CAMS study (Zajicek et al., [@B160]; Cannador extract vs. THC vs. placebo), wherein treatment allocation was correctly guessed by patients to a greater degree than expected. Virtually all clinical studies of inhaled cannabis have produced salient differences in psychoactive side effects in the *verum* group vs. placebo, with the exception of the single inhalation study (*vide supra;* Ware et al., [@B154]). Subsequent post-marketing studies of nabiximols have similarly supported the efficacy of blinding (Notcutt, [@B90]; Notcutt et al., [@B89]; Rekand, [@B102]).

Whereas, earlier studies of nabiximols in intractable spasticity in multiple sclerosis produced variable differences from placebo (Wade et al., [@B151], [@B150]; Collin et al., [@B15]), more impressive results were attained through the institution of a randomized withdrawal study design (Novotna et al., [@B91]). In part A (*N* = 572), unbeknownst to patients, all received nabiximols titrated upwards to clinical response or side effects. After 1 month, all patient came in for re-evaluation at a "resupply visit," at which time, only those who had demonstrated a 20% or greater improvement in numerical rating scales (NRS) of spasticity were continued in the study. These patients were then randomized to continue nabiximols at the prior number of sprays per day, or, the corresponding number of placebo sprays. After an additional 12 weeks of treatment, spasticity NRS scores favored nabiximols over placebo by a convincing margin (*P* = 0.0002). Over the full course of 16 weeks, mean spasticity improvement on nabiximols was 48%.

Unfortunately, application of the same randomized withdrawal study approach in a Phase III clinical trial of nabiximols in cancer pain unresponsive to optimized opioids failed to attain statistical significance (data on file, GW Pharmaceuticals).

Other strategies that may reduce placebo effect in cannabis RCTs would include limiting patient expectations: "This experimental drug may or may not help you," treating patients in a neutral fashion, avoiding confounding ancillary benefits to trial participation, such as concomitant physical therapy; utilizing a delivery technique with slower pharmacokinetics (oral as compared to inhalation); and, utilization of cannabis-based preparations that limit THC-induced psychoactivity with cannabidiol and terpenoid buffers (Russo, [@B113]).

Cannabis, drug abuse liability, and DEA scheduling {#s10}
==================================================

The issue of cannabis abuse and dependency remains quite controversial. A cannabis dependency syndrome has been posited (Budney et al., [@B11]), with an oft quoted figure of 9% of ever cannabis users becoming dependent at some point. In the USA, at least, these figures, which apply to "recreational" usage must be tempered by the fact that greater than 50% of patients admitted to substance abuse treatment programs are there by legal mandate as an alternative to prosecution or incarceration, and not always because of an actual addiction to cannabis. Other authorities opine that cannabis has a DAL lower than that of other legal and illicit agents (Hilts, [@B57]; Roques, [@B106]; Nutt et al., [@B93]). The relative addictive potential of a drug is ascertained by judging its attendant intoxication, reinforcement, tolerance, withdrawal and dependency. DAL requires additional determination of public health and legal data on its degree of abuse and diversion. The advent of the Internet has revolutionized promulgation of drug information to any inquisitive potential consumer.

Herbal cannabis is scheduled in international and national categories that generally designate it as addictive or dangerous, having severe abuse potential, and lacking any recognized medical utility. In contrast, Marinol®, a synthetic form of THC has been down-scheduled in countries where it is an approved pharmaceutical, to a category denoting a lesser potential for abuse or lower dependency risk, after documentation showed rare abuse or diversion to the black market (Calhoun et al., [@B13]). This precedent is one that could potentially be repeated with cannabis-based medicines once their safety and appropriate DAL risk is demonstrated.

Intoxication, as noted above, is rarely problematic in long-term usage of nabiximols. The reinforcement properties of a drug are mediated in part by the rapidity of its delivery (Samaha and Robinson, [@B121]). Nabiximols\' onset of effects is 15--40 min, with peak activity in a few hours. This is considerably slower than most drugs of highest abuse potential. Smoked and injected drugs produce greater reinforcement with higher peak serum and brain levels (Samaha and Robinson, [@B121]). Nabiximols effect onset is intermediate between that of inhalation and that of oral administration. CBD modulates the psychoactivity of THC (Russo, [@B110]; Morgan and Curran, [@B83]; Morgan et al., [@B84],[@B85]). Euphoric mood, while desirable to recreational cannabis users, would be a possible risk for abuse in medical users, but has been uncommonly observed with nabiximols (Wade et al., [@B152], [@B150]; Robson, [@B103]). Given acutely, particularly in cannabis-naïve individuals, THC may produce typical reactions such as tachycardia, hypothermia, orthostatic hypotension, and dry mouth, but these are subject to rapid tachyphylaxis in chronic administration (Jones et al., [@B62]). The latter side effects have become less prominent with slow titration of nabiximols (Russo et al., [@B118]), and it has shown no dose tolerance with respect to its therapeutic benefits in MS or treating cancer pain after prolonged usage as long as several years (Wade et al., [@B152]; Notcutt et al., [@B89]; Serpell et al., [@B124]).

Information from nabiximols RCTs and safety-extension (SAFEX) studies does not indicate any particular evidence of reinforcement. Euphoric mood is reported in nabiximols clinical trials with under 2% incidence (GW Pharmaceuticals, [@B49]).

Tolerance is quickly established to various manifestations of cannabinoid intoxication: tachycardia, hypothermia, orthostatic hypotension, dry mouth, ocular injection, intraocular pressure decreases, etc. (Jones et al., [@B62]). In over 15,000 patient-years of experience, no dose tolerance to nabiximols has been observed, however, while therapeutic efficacy is maintained (Wade et al., [@B152]; Notcutt et al., [@B89]; Serpell et al., [@B124]) In SAFEX studies in MS and peripheral neuropathic pain, nabiximols doses have been steady or reduced after months or years of administration (Serpell et al., [@B124]; Koehler, [@B65]). Symptomatic pain control is maintained with slow continued improvement in non-progressive disorders.

The existence or severity of a cannabis withdrawal syndrome remains under debate (Smith, [@B126]; Budney et al., [@B11]). In contrast to reported withdrawal sequelae in recreational users (Solowij et al., [@B128]), 24 subjects with MS who volunteered to discontinue nabiximols after a year or more suffered no withdrawal symptoms meeting Budney criteria. While symptoms such as pain recurred after some 7--10 days without Sativex, symptom control was rapidly re-attained upon resumption (Wade et al., [@B152]). Similar safety was noted in a clinical randomized withdrawal trial in spasticity of MS (Notcutt et al., [@B89]), wherein 36 patients previously improved on Sativex showed no withdrawal symptoms of significance. Additionally, in a study of 136 MS patients taking Sativex for a mean of 334 days, sudden cessation, no withdrawal effects of associated adverse events were reported (Serpell et al., [@B124]).

While herbal cannabis has lowest overall dependency risk of commonly abused drugs (Hilts, [@B57]; Roques, [@B106]; Nutt et al., [@B93]), that of nabiximols is apparently lower yet, due to slower peak compared to smoking, low doses required for therapeutic efficacy, virtual absence of intoxication in normal usage, and freedom from withdrawal sequelae even after chronic administration. Finally, no known abuse or diversion incidents with nabiximols were reported (as of March 2013). Formal DAL studies with nabiximols have demonstrated its drug abuse potential to be equal to or less than that of Marinol, which is Schedule III in the USA (Schoedel et al., [@B122]).

The situation is particularly puzzling for cannabidiol, which seems to be a victim of guilt by association, in that it was placed in Schedule I of the US Controlled Substances Act of 1970 along with cannabis and THC as a placeholder (United States Commission on Marihuana and Drug Abuse, [@B142]), and has remained there ever since, in spite of meeting no criteria for intoxication, reinforcement, tolerance, withdrawal, or dependency.

Cognitive issues and neuropsychiatric sequelae {#s11}
==============================================

Cognitive issues with cannabis usage have been reviewed in the past (Russo et al., [@B119]; Fride and Russo, [@B34]) with more recent data and analyses on an ongoing basis, many alleging permanent sequelae and even structural changes on imaging studies. A meta-analysis of these data is beyond the scope of this highlights article, but readers are referred to a current excellent systematic review (Walsh et al., [@B153]). Certain points must be emphasized. Such studies are usually retrospective analyses of recreational cannabis usage, most often at high doses on a chronic basis. Often there is little premorbid data on neuropsychological status, psychiatric status, socioeconomic milieu, concomitant substance use and other pertinent potential confounders. Additionally, one must seriously consider whether dangers inherent to chronic cannabis usage, particularly in high-risk situations (adolescents, pregnancy, etc.) are absolutely relevant to medical application of cannabis under optimal conditions with non-inhaled administration at low doses with optimized preparations designed to reduce adverse events to the greatest extent possible.

Impairment of short-term memory impairment has been observed after heavy chronic recreational cannabis usage but virtually disappears after a few weeks\' abstinence (Pope et al., [@B97]). More recent studies are similarly encouraging with regards to the reversibility of any cannabis-associated cognitive sequelae. In brief, observed hippocampal volume changes after cannabis usage were apparently reversible with cannabidiol exposure or abstinence (Yucel et al., [@B159]). Lower grade-point averages associated with persistent cannabis usage in high school pupils lost statistical significance one controlling for concomitant alcohol and tobacco usage (Meier et al., [@B80]). Similarly, cannabis usage alone was not found responsible for IQ or performance differences in teens compared to cigarette smoking or other confounds (Mokrysz et al., [@B82]). A very wise analysis points out that with recent developments in cannabis policy, rational approaches would include adoption of regulated markets with controls upon age of access to usage, accurate information on dosing guidelines for consumers, and availability of more balanced material with respect to cannabidiol availability with lower relative THC content (Curran et al., [@B17]).

Studies of cognitive issues in purely medical cannabis users are comparatively quite few. Four patients in the Compassionate Use Investigational New Drug program employing NIDA cannabis for decades, and up to 10 grams/day of low potency cannabis were systematically examined while maintaining their customary daily intake (Russo et al., [@B119]). Mild difficulties were noted in attention and concentration and with acquisition of complex new verbal material, but without effect on higher level executive function. No pertinent attributable imaging findings were observed on MRI studies. One of the subjects continues to serve at an executive level in an investment firm.

Halstead-Reitan battery components have been analyzed from two nabiximols studies. In peripheral neuropathic pain with allodynia (Nurmikko et al., [@B92]), no differences were noted vs. placebo. In central neuropathic pain in MS (Rog et al., [@B104]), four of five subtests failed to demarcate from placebo. While the Selective Reminding Test did not deteriorate significantly on Sativex during the study, placebo patients improved unexpectedly (*p* = 0.009).

Subsequently, a study of 55 MS with spasticity patients on nabiximols vs. 52 on placebo revealed no significant differences in cognitive ability after 1 year of treatment as measured by the Paced Auditory Serial Addition Test (PASAT; Rekand, [@B102]).

Depression and anxiety have been possible sequelae of recreational cannabis (reviewed Fride and Russo, [@B34]), but slight improvements were noted with nabiximols in one study (Rog et al., [@B104]) on Hospital Anxiety and Depression Scales. No mood disorders have been evident in long-term usage. Cannabidiol appears very promising in this area, but no major clinical investigations have commenced.

Whether cannabis has an causative role in schizophrenia remains contentious (Muller-Vahl and Emrich, [@B87]), but is no clear etiological relationship is evident based on epidemiological data (Degenhardt et al., [@B18]; Macleod et al., [@B73]; Muller-Vahl and Emrich, [@B87]; Hickman et al., [@B56]; Macleod and Hickman, [@B72]). One might assume that a greater risk would be evident as a dose-related phenomenon. The low serum levels required for nabiximols therapy, coupled with the anti-psychotic properties of CBD (Zuardi and Guimaraes, [@B161]; Morgan and Curran, [@B83]; Leweke et al., [@B69]), would hopefully minimize such risks. Once more, the long-term adverse event profile of nabiximols would seem to indicate few symptoms of paranoia, thought disorder or similar changes (Wade et al., [@B150]; Robson, [@B103]; Notcutt et al., [@B89]).

One study indicating safety and efficacy of cannabidiol in psychosis equal to or greater than conventional treatment has been published (Leweke et al., [@B69]), while another Phase II study of CBD as Epidiolex with positive results vs. placebo has been reported online and in the press.

Immune function {#s12}
===============

Deleterious effects of cannabinoids on immune function have been reported in laboratory animals at doses 50--100 times the psychoactive threshold in humans (Cabral, [@B12]). No changes in leukocyte, CD4 or CD8 cell counts were documented in the Compassionate Use IND subjects (Russo et al., [@B119]). MS patients in the CAMS study of Cannador showed no immune changes (Katona et al., [@B63]), nor were they reported with smoked cannabis in a short-term HIV trial (Abrams et al., [@B2]). Hematological parameters have been unaffected in all nabiximols studies.

Driving safety {#s13}
==============

While it is scientifically accepted that alcohol impairs driving performance, and that blood ethanol levels may accurately assess inherent risks, similar correlations to cannabis usage produce no such clear profile.

Some retrospective studies of road crashes impute an etiological relationship to recreational cannabis usage, while others (Movig et al., [@B86]) have not supported a link, unless cannabis was used along with alcohol. In a comprehensive review (Hadorn, [@B50]), the overall impression was of a low risk for cannabis in such accidents, and one less pronounced than that associated with benzodiazepines and older antihistamine formulations (Verster and Volkerts, [@B147]). A recent conference report also supports these findings (Soderstrom et al., [@B127]).

The situation is even less clear with respect to driving and medicinal cannabis. For Marinol, the manufacturer indicates <http://www.drugs.com/pro/marinol.html#s28> (accessed February 2013): "Patients receiving MARINOL® capsules should be specifically warned not to drive, operate machinery, or engage in any hazardous activity until it is established that they are able to tolerate the drug and to perform such tasks safely."

The Sativex Consumer information in Canada <http://www.bayer.ca/files/SATIVEX-PM-ENG-PT3-30MAR2012-149598.pdf> (accessed February 2013) states: Serious Warnings and Precautions.THC, one of the principal active components of SATIVEX®, has numerous effects on the central nervous system such as changes in mood, decreased mental performance and memory and altered perceptions of reality. Symptoms such as fainting and interference in the physical ability to carry out complicated tasks have been seen in patients taking SATIVEX®. Therefore, you should not drive, operate machinery or engage in activities that require unimpaired judgment and coordination.While taking SATIVEX® you should not drink alcohol or take other drugs which may have an effect on the central nervous system such as sedatives or hypnotics, without consulting your doctor, as these products have a further additive effect on some of the symptoms listed above.

The CBD content of nabiximols may modulate THC effects (Russo, [@B113]). In a Phase I trial of Sativex in normal subjects, CBD promoted alertness and eliminated residual THC effects the morning following bedtime dosing (Nicholson et al., [@B88]). Additionally, *post-hoc* analysis of safety-extension patients with MS taking Sativex for over 1 year indicate that in the 73% of 119 subjects completing a questionnaire, 59% noted an improvement in total disability, 63% improved in at least one activity, 20% reported a decreased need for equipment or assistance, 95% noted positive changes in General Life Benefits, and 12--32% of caretakers noted easier administration to demands of activities of daily living.

Recently, nabiximols has been specifically tested for its effects on driving in 33 female MS patients with moderate to severe spasticity before and after 4--6 weeks of drug exposure (Rekand, [@B102]). No significant differences were noted in Visual Pursuit, Cognitrone, Reaction, Adaptive Tachistoscopic Traffic Perception, or Overall scores, while Determination was significantly improved by treatment (*P* = 0.026). Similarly, a survey of 196 patients in the Spanish patient registry revealed complaints of decreased driving ability after treatment of only 2.4%.

An expert panel (Grotenhermen et al., [@B46]) performed a comprehensive analysis of the issue of cannabinoids and driving with recommendations of as roadside sobriety tests, as opposed to *per se* standards of inactive cannabinoid metabolites that indicate past usage without accurate assessment of a driver\'s actual contemporaneous ability. The panel did endorse the validity of measures of THC itself (Grotenhermen et al., [@B46], p. 7): Based on the results of culpability studies and from meta-analyses of experimental studies, *per se* laws for DUIC (driving under the influence of cannabis) should specify a legal limit for THC in blood serum of 7--10 ng/mL as a reasonable choice for determining relative impairment by cannabis. This corresponds to THC concentration in whole blood- the parameter commonly used in U.S. jurisdictions- or 3.5--5 ng/mL.

Of note, no studies demonstrated relevant impact of cannabis on driving skills at plasma levels below 5 ng/ml of THC. The latter benchmark value was incorporated into the legalization statute approved by voters in Washington State in 2012, and Colorado and Montana adopted this standard, as well.

A timely report sponsored by the American Automobile association has re-examined the issue (Logan et al., [@B71]): [https://www.aaafoundation.org/sites/default/files/EvaluationOf DriversInRelationToPerSeReport.pdf](https://www.aaafoundation.org/sites/default/files/EvaluationOfDriversInRelationToPerSeReport.pdf).

This study examined 602 drivers arrested for driving under the influence (DUI) who tested positively for THC but no other substances, as well as 349 people with no drugs in their system. All the people had complete records as to their performance on tests by a Drug Recognition Expert (DRE). Their examination comprised physiological standards and psychophysical tests, including the Standardized Field Sobriety Test (SFST) battery. Also considered were data from an additional 4799 drivers testing positive for cannabinoids for whom testing results were available. Key findings included the following: DRE arrestees performed more poorly than drug-free controls on walk-and-turn, one-leg-stand, and finger-to-nose tests.Physical signs including red, bloodshot and watery eyes, tremor of eyelids, lack of ocular convergence, and rebound pupillary dilation were significantly more frequent in people testing positive for cannabis.Data were analyzed for salient differences above and below the 5 ng/mL standard, but this was significant solely for the finger-to-nose test, wherein more misses were counted in the group with higher serum levels.Data were additionally analyzed to ascertain if a different value from 1 to 10 ng/mL produced consistency with SFST results, but none was identified.Arrests for DUI included 70 percent with THC concentrations below 5 ng/mL. While 23% of those detained were positive solely for THC, the majority tested positive for other drugs with or without alcohol.

Based on these data, laws including *per se* standards for impaired drivers for cannabinoids should be re-examined and replaced with roadside tests of impairment, followed by blood or other corroboratory laboratory tests where a problem is suggested.

What about the children? {#s14}
========================

The press frequently criticizes medicinal cannabis on the basis that acquiescence to its availability promotes usage by youth. To the contrary, analyses such as that undertaken by the US Government Accounting Office (GAO) reveal no increase in associated drug crimes or youth usage rates after passage of state laws allowing medicinal cannabis (U.S. General Accounting Office, [@B144]; O\'Keefe and Earleywine, [@B94]). Subsequent studies have failed to show any systematic increases, and in fact, compelling epidemiological investigation suggests a decrease in opioid overdose mortality in states that have legalized medicinal cannabis usage (Bachhuber et al., [@B5]). Additional support for opioid sparing comes from a recent investigation and accompanying editorial revealing decreased analgesic prescriptions in Medicare Part D in states where cannabis was available for medical purposes (Bradford and Bradford, [@B10]; Dyer, [@B22]).

There is no doubt that such concerns regarding youth usage are well-intentioned, but once more, as in all of clinical medicine, the recommendation of drug therapy requires informed consent and a full consideration of costs and benefits. Two recent studies of cannabis use in pregnancy seems to provide relative reassurance of lack of data to support birth defects, significant intrauterine growth retardation, or cognitive sequelae (Gunn et al., [@B47]; Torres and Hart, [@B138]). Eventually, cannabis based medicines will become available for serious pediatric conditions, such as nausea and vomiting with in chemotherapy and supportive oncology (Abrahamov and Mechoulam, [@B1]), primary treatment of cancer (Foroughi et al., [@B32]), cystic fibrosis (Fride, [@B33]), and severe neurologic impairment (Gottschling, [@B43]), and these concerns will require ongoing consideration.

Smoking and vaporizers (adapted and updated from russo and hohmann, 2013) {#s15}
=========================================================================

Available formal RCTs of smoked cannabis have all been Phase II studies of quite short duration, and would have little sway among regulators in most nations. The IMMPACT recommendations for clinical trials in neuropathic pain, as one example (Dworkin et al., [@B21]) suggest a 12-week course of study. The cumulative cannabis exposure in herbal cannabis studies undertaken in California totaled only 1106 patient-days, or 3 patient-years, as analyzed in Russo and Hohmann ([@B117]). In comparison, total experience with Sativex including clinical trials, prescription monitoring and named-patient supplies exceeded 30,000 patient-years in 2014, with much lower rates of side effects (data on file, GW Pharmaceuticals; Russo, [@B110], [@B112]).

The studies of smoked or vaporized cannabis to date have been completed with cannabis-experienced patients in almost every instance, usually as a protocol requirement. Whether the results can be generalized to cannabis-naïve patients is open to serious question.

Careful epidemiological studies support that cannabis smoking induces chronic cough and bronchitis (Tashkin, [@B134]), but seemingly not emphysema (Tashkin et al., [@B136]) or aerodigestive cancers (Hashibe et al., [@B53]). Lester Grinspoon noted (Grinspoon and Bakalar, [@B44], p. 250), "---the only well-confirmed deleterious physical effect of marihuana is harm to the pulmonary system."

In Canada, mainstream and side stream smoke of cannabis vs. tobacco smoke were compared (Moir et al., [@B81]). Their cannabis sample\'s smoke yielded ammonia (NH~3~) at a rate of 720 μg per 775 mg cigarette, 20 times higher than that in tobacco smoke, possibly due to usage of synthetic nitrate fertilizers. Formaldehyde and acetaldehyde were generally less concentrated in cannabis smoke than in tobacco, but butyraldehyde titers were higher. Polycyclic aromatic hydrocarbons were qualitatively similar. Levels of NO, NO~x~, hydrogen cyanide and aromatic amines concentrations were 3--5 times higher in cannabis smoke, with potential mutagenic and carcinogenic effects. Possible genotoxicity has been posited to cannabis smoke due to acetaldehyde production and production of possible DNA-adducts (Singh et al., [@B125]).

Vaporization of cannabis is designed to heat to a temperature that volatilizes THC and other components with the intent to minimize combustion by-products (Figure [1](#F1){ref-type="fig"}; For reviews please see Gieringer, [@B38], [@B39]; Storz and Russo, [@B129]; Gieringer et al., [@B40]; Hazekamp et al., [@B55]; Bloor et al., [@B8]; Van der Kooy et al., [@B145]; Zuurman et al., [@B164]; Pomahacova et al., [@B96]).

![**Demonstration of the effects of vaporization of cannabis flower material at different temperatures employing the Volcano Digit Vaporizer (Left to Right): Unheated dried cannabis, Post-vaporization at 175°C, Post-vaporization at 195°C, Post-vaporization at 230°C**.](fphar-07-00309-g0001){#F1}

The Volcano vaporizer was compared to smoking (Abrams et al., [@B3]) in 18 customary cannabis smokers, after 2 days of abstinence. NIDA 900 mg cannabis (1.7, 3.4, 3.4, and 6.8% THC) cigarettes were split in two, allowing one-half each to be smoked or vaporized sequentially in double-blind fashion. THC plasma concentrations were comparable or slightly higher after vaporization than smoking. Exhaled CO diminished very slightly in vapor, while it increased after smoking (*p* \< 0.001). Visual analog scales of intoxication were almost identical and increased with higher potency cannabis. While it was claimed that since CO did not rise after vaporization, there would be "little or no exposure to gaseous combustion toxins" (p. 576), a quite remarkable assertion, given that PAHs and other products of combustion were not directly measured. It was also claimed that there were no reported adverse events. While twelve 12 experimenters preferred the Volcano, 2 liked smoking, and 2 had no preference as to technique. The authors labeled the vaporizer, "an acceptable system," providing "a safer way to deliver THC---"(p. 576).

The Volcano Medic® with an upper temperature limit of 210°C. is a licensed medical device in the European Union, and in Canada since 2010 (No. 82405).

Subsequently, new innovations have appeared on the vaporization scene. The Syqe vaporizer from Israel is a hand held portable device designed to provide dose-metered single inhalations from ground herbal Bedrocan cannabis from the Netherlands (Eisenberg et al., [@B24]). This seemingly promising approach produced salient issues, nevertheless: The observed maximum serum concentration of THC (Cmax) of 38 ng/ml is still in the psychoactive range, and would be an issue for regulators, as well as being possibly problematic for THC-naïve patients.The selected patients with neuropathic pain were a biased population by virtue of already being cannabis patients.Critics may point out that cannabis users will recognize the high, and confabulate that with reduced pain (whether that is true or not).The study was unblinded, which would have no weight in the regulatory environment.A 12-h abstention from the patients\' customary therapeutic cannabis usage was employed in the trials, and is not long enough to eliminate residual effects on pain threshold from prior use. In most RCTs of clinical application of cannabis, a month of abstinence is mandated.The pain relief was very brief (about 90 min), and use of this technology for a chronic pain patient would require very frequent application, thereby increasing relative risks of reinforcement and dependency. From a DAL standpoint, this would be unacceptable to most regulators.The presence or absence of polyaromatic hydrocarbons was not assayed, and would more likely be lower employing a cannabis extract without extraneous plant material.A 20% device failure was observed without additional explanation or qualification.

A recent study examined several newer vaporizer models (Lanz et al., [@B67]), all of which produced effective decarboxylation of the herbal Bedrocan cannabis base material. The highest cannabinoid recovery rates in the vapor were produced by the Arizer Solo®, 67.5--82.7%, but once more, no specific assays were performed for polyaromatic hydrocarbon residues.

As with smoked cannabis studies, clinical trials undertaken to date with vaporizers have been small pilot studies of maximum 5 days\' duration, that will not likely portend regulatory acceptance under the *Botanical Guidance* (Food and Drug Administration, [@B30]). Neither is it probable that the side effect of smoked or vaporized cannabis would pass regulatory muster. Even if a perfect vaporizer were produced, standardization of the cannabis employed and quantification of delivered doses would be necessary for such approval, as well as total elimination of potential carcinogens and mutagens (Russo, [@B110]). For better or worse, vaporizers have had little market penetration to date: an Internet survey noted that only 2.2% of cannabis users primarily utilized vaporization for cannabis consumption (Earleywine and Barnwell, [@B23]), but this situation may be in flux.

Cognitive effects evident in smoked cannabis studies call into question the reliability of blinding vs. placebo (*vide supra*). It is instructive to compare adverse event profiles for other drugs used for similar conditions: An analysis of medications employed for chronic polyneuropathy revealed that intolerable side-effects were not significantly different in cohorts receiving gabapentinoids, tricyclic anti-depressants, anticonvulsants, cannabinoids (including nabilone, Sativex) and topical agents (Toth and Au, [@B139]). None of the adverse events were serious.

Cannabis concentrates: "dabs, wax, and shatter" {#s16}
===============================================

The illegality of cannabis of the last few decades has catalyzed selective breeding for ever more potent THC-predominant chemovars, and preparations that further concentrate that component. Whereas, techniques such as water hash or sieving of cannabis could produce *kif* or hashish of up to 60% THC (Clarke, [@B14]), chemical extractions with naphtha, petroleum ether, butane and other solvents can push these figures to 90% THC or more, with dangers of residual solvents (Romano and Hazekamp, [@B105]), fires and explosions in kitchen laboratories. A clean concentrate can be produced via supercritical CO~2~ extraction (Guy and Stott, [@B48]), but this requires technical equipment and expertise.

These cannabis concentrates sport various names: dabs, wax, shatter, and have spawned an entire new industry based on "vape pens" (Figure [2](#F2){ref-type="fig"}). The appellation may be a misnomer, however, as evidenced by the instant production of red hot elements in most devices. Their ramifications can be dramatic, as evidenced by increasing emergency visits for exploding lithium batteries in the units, or sequelae of their use in the form of panic reactions, toxic psychosis episodes, and orthostatic hypotension with resultant falls and accompanying injury. Even surveyed users acknowledge attendant greater tolerance and withdrawal effects (Loflin and Earleywine, [@B70]). The extreme viscosity of "wax" often necessitates the addition of propylene glycol and glycerol as propellants for the devices to function. Whereas, these substances are safe for oral usage in small amounts, recent research on their application in E-cigarettes containing nicotine reveals that when overheated, up to 2% of the mixture forms formaldehyde, a Group I carcinogen, producing a cancer risk estimated to be as much as 15 time that of chronic cigarette smoking (Jensen et al., [@B60]).

![**Demonstration of a "vape-pen." (A)** Vape-pen unit **(B)** "Wax" in unit **(C)** Unheated coil **(D)** Coil becomes red hot in seconds after actuation.](fphar-07-00309-g0002){#F2}

Many of these preparations are questionable with respect to their appropriateness to medicinal application. It is hoped that these by-products of prohibition with their advantage of clandestine transport of ever higher potency materials will become less attractive in a legal, regulated market.

Cannabis contaminants: heavy metals, microbes and recent data on pesticides {#s17}
===========================================================================

Cannabis is a bio-accumulator (McPartland et al., [@B77]) that recruits heavy metals (lead, mercury, cadmium, and arsenic) from the soil into the plant biomass. While this is an advantage when rehabilitating contaminated soils with a hemp crop, it is a distinct liability if medical grade cannabis is grown in such media.

Similarly, foods and other materials to be ingested must be free of microbial contamination. Potential pathogenic bacteria may be introduced from the soil, fertilizer, or human handling with inadequate hygiene (i.e., handwashing). While clean culture without coliform bacterial infestation is certainly possible (Potter, [@B99]), some government-approved medicinal cannabis programs have utilized gamma-irradiation of cannabis for its sterilization. These raises some concerns of its own, while no residual radiation is reported in such instances, it is the case that no safety studies have been published to attest to the safety of the technique for a smoked or vaporized product. Additionally, gamma irradiation significantly reduced monoterpene content in orange juice and cilantro (coriander herb; Fan and Gates, [@B25]; Fan and Sokorai, [@B26]). A recent report in this journal examining the technique with cannabis has demonstrated "minor" quantitative changes in terpenoid content, if not overall profile (Hazekamp, [@B54]). The gamma irradiation did produce a 10% decrement in β-caryophyllene in one cannabis chemovar, and this certainly might affect the therapeutic effect of a medical product given that this sesquiterpenes component is a selective CB~2~ full agonist (Gertsch et al., [@B37]) with important anti-inflammatory and analgesic benefits (Russo, [@B113], [@B115]). Even without such changes, a certain segment of health-conscious consumers may choose to avoid such irradiated preparations on moral grounds, and deserve full disclosure in this regard.

Both the American Herbal Products Association (American Herbal Products Association, [@B4]) and American Herbal Pharmacopoeia (Upton et al., [@B143]) have developed guidelines for cultivation and production of medicinal cannabis. Contamination risk by bacteria and insects is greatest in the indoor environment that has predominated in the black market, is less in greenhouses, and less still in open air cultivation.

An informal survey in 2014 of California laboratories performing assays for residual pesticides on cannabis crops observed an incidence of only 1--2% (Backes, [@B6]). This author contacted other prominent California analytical laboratories that observed that 15--35% of samples submitted to them were positive, and that they had become hesitant to publicize their service or list agents for which they could assay, as they suspected that such information merely led unscrupulous growers to seek out possibly more toxic agents that were not included. A more formal published survey of contamination in California demonstrated qualitative presence of eight pesticides in 33% of samples (Raber et al., [@B101]).

Washington State legalized medicinal cannabis in 1998, where it remained largely unregulated until recently. Legalization of recreational cannabis was passed by ballot initiative in 2012, but despite panel recommendations, no testing for pesticide contamination was mandated. Subsequently, efforts are underway to unify the prior medical market with the legal one. No current method is available to certify organic cannabis culture, and there are no Environmental Protection Agency guidelines on acceptable pesticide levels for a smoked product. Prior informal testing in Washington was undertaken by a concerned medical purveyor yielded pesticide residues in 5--10% of tested cannabis inflorescence samples. An alarming recent study has demonstrated the passage of up to 70% of pesticides spiked into herbal cannabis into the captured smoke (Sullivan et al., [@B132]).

To more fully assess the current situation, 26 distinct cannabis samples were purchased (24 concentrates, 2 cannabis inflorescence) from legal stores in Washington and passed via witnessed chain of evidence to a state certified legal licensed laboratory (Trace Analytics, Spokane, WA; Russo, [@B116]). Samples were homogenized, and extracted using a modified QuEChERS AOAC protocol. The supernatant was injected for LCMS-MS analysis. Detection was carried out using a Shimadzu LCMS-8050 triple quadrupole mass spectrometer with a Shimadzu Prominence HPLC. Approximately 200 analytes were measured with over 500 MRM transitions per run.

Out of the 26 Washington State samples, 22 tested positively for pesticides (84.6%). Many harbored multiple contaminants, attaining levels in the tens of thousands of parts per billion (ppb), exceeding the upper limit of quantification. These included 24 distinct pesticide agents of every class (Table [1](#T1){ref-type="table"}; McPartland et al., [@B77]; Upton et al., [@B143]; Kegley et al., [@B64]): insecticides, miticides, fungicides, an insecticidal synergist and growth regulators, including organophosphates, organochlorides, carbamates, etc. One tested cannabis extract, a candidate for folding into the medical market in Washington, demonstrated lower levels of azoxystrobin, triflumizole, and piperonyl butoxide, with extreme levels of carbaryl, boscalid, bifenazate, pyraclostrobin, fenpyroximate, and myclobutanil, with documented associated toxicities as carcinogens, neurotoxins, cholinesterase inhibitors, developmental and reproductive toxins, and endocrine disruptors.

###### 

**Pesticides encountered in 26 cannabis samples in Washington State, with structure, chemical class, and potential toxicities**.

  **Pesticide**        **Structure**                   **Class/Usage**                          **Toxicity**
  -------------------- ------------------------------- ---------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Azoxystrobin         ![](fphar-07-00309-i0001.jpg)   Fungicide                                Questionable developmental/reproductive toxin and endocrine disruptor
  Bifenazate           ![](fphar-07-00309-i0002.jpg)   Miticide                                 Slight acute toxicity, potential ground water contaminant, questionable developmental/reproductive toxin and endocrine disruptor
  Boscalid             ![](fphar-07-00309-i0003.jpg)   Fungicide                                Possible carcinogen; Questionable developmental/reproductive toxin and endocrine disruptor
  Carbaryl             ![](fphar-07-00309-i0004.jpg)   Carbamate/Insecticide                    BAD ACTOR; Cholinesterase inhibitor; carcinogen; developmental/reproductive toxin; suspected endocrine disruptor
  Carbendazim          ![](fphar-07-00309-i0005.jpg)   Benzimidalole/Fungicide                  Possible carcinogen; questionable ground water contaminant; questionable developmental/reproductive toxin; suspected endocrine disruptor
  Clothianidin         ![](fphar-07-00309-i0006.jpg)   Neonicotinoid/Insecticide                Questionable developmental/reproductive toxin; questionable endocrine disruptor
  Diazinon             ![](fphar-07-00309-i0007.jpg)   Organophosphate/Insecticide/Miticide     Unlikely carcinogen; cholinesterase inhibitor; developmental/reproductive toxin; suspected endocrine disruptor
  Diuron (DCMU)        ![](fphar-07-00309-i0008.jpg)   Herbicide/ Photosynthesis inhibitor      Carcinogen; developmental/reproductive toxin; suspected endocrine disruptor
  Ethoprophos          ![](fphar-07-00309-i0009.jpg)   Organophosphate/Insecticide/Nematicide   BAD ACTOR: Carcinogen; cholinesterase inhibitor; potential ground water contaminant; questionable developmental/reproductive toxin; questionable endocrine disruptor
  Etoxazole            ![](fphar-07-00309-i0010.jpg)   Miticide                                 Questionable developmental/reproductive toxin and endocrine disruptor
  Fenpyroximate        ![](fphar-07-00309-i0011.jpg)   Insecticide/Miticide                     Questionable developmental/reproductive toxin; questionable endocrine disruptor
  Imidacloprid         ![](fphar-07-00309-i0012.jpg)   Neonicotinoid/Insecticide                Questionable developmental/reproductive toxin and endocrine disruptor
  Malathion            ![](fphar-07-00309-i0013.jpg)   Organophosphate/Insecticide              Cholinesterase inhibitor; possible developmental/reproductive toxin; suspected endocrine disruptor
  Myclobutanil         ![](fphar-07-00309-i0014.jpg)   Triazole/Fungicide                       Developmental/reproductive toxin; not cholinesterase inhibitor
  Permethrin           ![](fphar-07-00309-i0015.jpg)   Pyrethroid/Insecticide                   BAD ACTOR; Moderate acute toxicity, Carcinogen, potential ground water contaminant, questionable developmental/reproductive toxin, suspected endocrine disruptor
  Piperonyl butoxide   ![](fphar-07-00309-i0016.jpg)   Pesticide synergist                      Possible carcinogen; Questionable developmental/reproductive toxin; Suspected endocrine disruptor
  Propargite           ![](fphar-07-00309-i0017.jpg)   Organochlorine/Miticide                  Carcinogen; developmental/reproductive toxin; Questionable endocrine disruptor
  Propiconazole        ![](fphar-07-00309-i0018.jpg)   Triazole/Fungicide                       Possible carcinogen; developmental/reproductive toxin; Suspected endocrine disruptor
  Pyraclostrobin       ![](fphar-07-00309-i0019.jpg)   Fungicide                                Questionable developmental/reproductive toxin; Questionable endocrine disruptor
  Pyriproxyfen         ![](fphar-07-00309-i0020.jpg)   Pyridine/Pesticide                       Questionable developmental/reproductive toxin; Questionable endocrine disruptor
  Triflumizole         ![](fphar-07-00309-i0021.jpg)   Fungicide                                Potential ground water contaminant; Questionable developmental/reproductive toxin; Questionable endocrine disruptor
  Trifloxystrobin      ![](fphar-07-00309-i0022.jpg)   Fungicide                                Questionable developmental/reproductive toxin and endocrine disruptor
  Triticonazole        ![](fphar-07-00309-i0023.jpg)   Fungicide                                Questionable developmental/reproductive toxin; Questionable endocrine disruptor
  Zoxamide             ![](fphar-07-00309-i0024.jpg)   Fungicide                                Questionable developmental/reproductive toxin; questionable endocrine disruptor

Data from: American Herbal Pharmacopoeia Cannabis Inflorescence (Loflin and Earleywine, [@B70]), PAN Pesticides Database: <http://www.pesticideinfo.org/Search_Products.jsp#ProdSearch> (Fan and Sokorai, [@B26]), Hemp diseases and pests (Eisenberg et al., [@B24]). Assay results from Trace Analytics, Spokane, WA. Structures from ACD/ChemSketch 2015.2.5.

The unregulated commerce in cannabis with respect to pesticide usage and lack of available organic certification have resulted in widespread abuse of the legal cannabis market system. Cannabis concentrates currently account for 50% of legal sales in WA, and are also the basis for a burgeoning commerce in cannabis edibles. These products present a clear and present danger, particularly to young patients with epilepsy and other neurological conditions. Future regulation and monitoring with allowance for organic certification and employment of integrated pest management techniques without synthetic pesticides (McPartland et al., [@B77]) are required approaches to rectify this looming public health threat.

These finding should serve as an indictment of individual industrial oversights and unscrupulous practices, but should not be taken as evidence that cannabis is too dangerous for therapeutic application when proper standards are applied.

Conclusions {#s18}
===========

As the legal tide is turning on cannabis as a forbidden drug, experiments are ongoing in the various states (and other countries) as called for in Justice Brandeis\' "laboratories of democracy." Daunting problems remain for those attempting to seek regulatory approval for smoked or vaporized cannabis as a prescription product, whereas nabiximols, a standardized oromucosal spray has achieved such approval in 27 nations based on its ability to demonstrate biochemical consistency, and safety and efficacy in randomized controlled trials. Pure CBD (Epidiolex) also appears headed for regulatory approval.

In contrast, the recreational market is facing numerous challenges in quality control, and addressing myriad safety concerns associated with newer, more potent preparations and novel delivery techniques. Science may provide suitable data for addressing these issues if commensurate research funding is forthcoming to meet the urgent need.
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